A Gram-staining-negative, non-motile, non-pigmented, strictly aerobic and rod-shape bacterium, designated BK296
The genus Perlucidibaca is a member of the family Moraxellaceae [1] in the class Gammaproteobacteria. The genus Perlucidibaca was described first by Song et al. [2] with a single strain isolated from an artificial freshwater pond located inside Inha University, Korea, and, at the time of writing, comprises only the single type species, Perlucidibaca piscinae. The type strain Perlucidibaca piscinae IMCC1704
T was characterized as being Gram-stain-negative and motile, with rod-shaped cells that contain Q-8 as the major respiratory quinone and have a DNA G+C content of 63.1 mol% [2] . In the present study, strain BK296
T , isolated from a limestone stream, is described and proposed to be a representative of a novel species of the genus Perlucidibaca based on phylogenetic distinction and genotypic characterization.
Strain BK296
T was isolated from the Sohancheon stream originating from Chodanggul Cave, a limestone cave in Samcheok, Gangwon province, Korea (37 23¢ 04 † N 129 11¢ 24 † E), using a standard dilution plating method on R2A agar (BD Difco). The agar plates were incubated aerobically at 20 C for 1 month. Colonies formed on the initial R2A plates were purified three times by transferring them onto new R2A plates. After determination of the optimum growth temperature, cultures of strain BK296 T were maintained routinely on R2A at 30 C and preserved as glycerol suspensions (20 % in distilled water, v/v) at
À80
C. To compare strain BK296 T with recognized reference strains genotypically and phenotypically, Perlucidibaca piscinae IMCC1704 T was obtained from the Inha University.
Genomic DNA was extracted by using a DNeasy tissue kit (Qiagen) according to the manufacturer's instructions. PCR amplification and sequencing of the 16S rRNA gene was performed as described previously [3] . The 16S rRNA gene sequence of strain BK296 T (1471 bp) was compared with sequences available in Genbank by BLAST [4] and analysed using the EzBioCloud database [5] . Comparative 16S rRNA gene sequence analyses showed that strain BK296
T was most closely related to Perlucidibaca piscinae IMCC1704 T (97.8 %), followed by Paraperlucidibaca wandonensis (96.6 %) and Paraperlucidibaca baekdonensis (96.2 %). The 16S rRNA gene sequences aligned in the silva aligner version 1.2.1.11 (http://www.arb-silva.de/ aligner/) [6] were transferred to MEGA 6.0 [7] , checked manually for the alignment and exported for the phylogenetic analyses. Phylogenetic trees were generated in MEGA 6.0 [7] using the neighbour-joining [8] with the JukesCantor distance [9] , maximum-parsimony [10] and maximum-likelihood [11] methods. The robustness of the neighbour-joining, maximum-parsimony and maximumlikelihood trees was assessed by bootstrap analyses based on 1000 randomly replicated datasets. In all the phylogenetic trees generated in this study (Fig. 1) , strain BK296 T and Perlucidibaca piscinae IMCC1704
T formed a robust clade, indicating that the strain belonged to the genus Perlucidibaca. Since 16S rRNA gene sequence similarity between strain BK296
T and Perlucidibaca piscinae IMCC1704 T (97.8 %) exceeded the recommended gold standard (97.0 %) for the delineation of bacterial species [12] , genomic DNA relatedness was measured by the average nucleotide identity (ANI) value following the BLAST-based ANI calculation method described by Goris et al. [13] , and the genome-to-genome distance calculation (GGDC) method described by Auch et al. [14] . The draft genome sequence of Perlucidibaca piscinae IMCC1704 T (=DSM 21586 T ) was retrieved from the shotgun assembly sequences (GenBank accession number ATUE00000000) in NCBI for genomic comparison (Table S1 , available in the online Supplementary Material). Genomic DNA samples were extracted using a DNeasy Blood and Tissue kit (Qiagen), and genome sequencing was performed using the MiSeq sequencer system (Illumina). The ANI value calculated for estimation of the degree of pairwise genome-based relatedness between strain BK296
T and the type strains of Perlucidibaca piscinae was 79.8 % (Table S2) , and this value was well below the ANI cut-off (95-96 %) proposed for delineating bacterial species [13, 15] . Consistently, DNA-DNA hybridization values estimated by GGDC were 17.2-17.5 % between strain BK296
T and Perlucidibaca piscinae IMCC1704 T (Table S2 ), indicating that strain BK296
T represents a distinctive species of the genus Perlucidibaca [16] . The DNA G+C content of strain BK296 T was determined to be 55.7 mol% using the genome sequence.
The temperature range and optimal temperature for growth of strain BK296
T were determined by culturing in R2A broth (MB cell) at 5- 
For phenotypic characterization, strain BK296
T and Perlucidibaca piscinae IMCC1704
T were grown routinely on R2A agar at 30 C for 5 days unless otherwise stated. Gram staining was performed using a Gram-staining kit (Sigma). Growth under anaerobic conditions was examined after incubation for 2 weeks using the MGC anaerobic system with Anaero-PACK (Mitsubishi Gas Chemical). Gliding motility was examined by phase-contrast microscopy using hanging-drop preparation [17] . The presence of flagella, cell morphology and cell size were examined using transmission electron microscopy (CM200; Phillips) using negative staining with 2.0 % uranyl acetate on a carbon-coated copper grid (Fig. S1 ).
Hydrolysis of casein (5 % skimmed milk, w/v), tyrosine (1.0 %, w/v), carboxymethyl cellulose (0.2 %, w/v) and starch (0.2 %, w/v) was determined based on the formation of clear zones around colonies after applying suitable staining solutions [18] . Degradation of DNA was evaluated using DNase test agar (BD Difco). Decomposition of hypoxanthine and xanthine (each 1 %, w/v) was tested using R2A supplemented with each component according to the protocol of Gordon et al. [19] . Other biochemical tests and substrate oxidation tests were performed using API 20NE and API ZYM test strips (bioMerieux) and the Biolog GN2 microplate test according to the manufacturers' instructions except that inocula were prepared in phosphate-buffered saline (pH 7.4). The phenotypic characteristics of strain BK296
T are presented in the species description and Table 1 . Comparative phenotypic analyses (Table 1) showed that strain BK296
T and Perlucidibaca piscinae IMCC1704 T differed from each other in multiple characteristics including motility, enzyme activities and carbon source oxidation.
Fatty acid methyl esters of strain BK296 T and Perlucidibaca piscinae IMCC1704
T were extracted from cultures grown on R2A at 30 C in the late exponential phase (5 days) and analysed according to the method described by the Sherlock Microbial Identification System version 6.1 (MIDI) using the TSBA6 database. Cell biomass of strain BK296
T for isoprenoid quinone analyses was harvested from cultures grown for 5 days on R2A agar at 30 C. The respiratory isoprenoid quinones were purified by TLC according to Minnikin et al. [20] and analysed by using HPLC [21] . The respiratory quinone detected in strain T . Data were taken from this study unless indicated otherwise. +, Positive; À, negative. T ; 2, Perlucidibaca piscinae IMCC1704 T . Data from this study. All strains were grown under the same culture conditions and harvested in the late exponential phase (R2A at 30 C for 5 days). Fatty acids that represented <1.0 % in all the strains are not shown. -, Not detected; TR, trace (less than 1.0 %). 
Fatty

BK296
T was ubiquinone-8 (Q-8), which is characteristic of the genus Perlucidibaca but is different from that (Q-11) of the genus Paraperlucidibaca [2, 22, 23] . The DNA G+C content of strain BK296
T was 55.7 mol%, which was lower than that of Perlucidibaca piscinae IMCC1704 T (63.1 mol %). The major cellular fatty acids (>10 %) of strain BK296 T were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 21.0 %), C 16 : 0 (13.8 %), C 12 : 0 3-OH (13.2 %) and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c; 12.8 %) (Table 2) , which were similar to those of Perlucidibaca piscinae IMCC1704 T , even though there were also differences in the proportions of some fatty acid constituents.
In conclusion, based upon the well-supported phylogenetic clade with the type species of the genus Perlucidibaca (Fig. 1) , similar chemotaxonomic characteristics (quinone and fatty acids), low level of whole-genome sequence relatedness (ANI value of 79.8 %) and several differential phenotypic characteristics between strain BK296 T and Perlucidibaca piscinae IMCC1704 T , we suggest that strain BK296
T should be assigned to a novel species in the genus Perlucidibaca, for which the name Perlucidibaca aquatica sp. nov. is proposed.
DESCRIPTION OF PERLUCIDIBACA AQUATICA SP. NOV.
Perlucidibaca aquatica (a.qua¢ti.ca. L. fem. adj. aquatica found in water, aquatic).
Gram-staining-negative, oxidase-positive, catalase-negative, non-motile, non-gliding and strictly aerobic. Cells are rodshaped (0.5-0.7 µm x 1.0-1.6 µm). Colonies are 0.5-1.0 mm in diameter, circular, convex, smooth, transparent with an entire margin and white-coloured after incubation for 5 days at 30 C on R2A agar. Growth occurs at 10-37 C (optimum 30 C), pH 6.0-10.0 (optimum pH 7.0-8.0) and in the presence of 0-1.0 % NaCl (optimum 0 %). Does not hydrolyse casein, tyrosine, DNA, starch, hypoxanthine or xanthine. Negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, gelatin liquefaction and PNPG (b-galactosidase), but positive for aesculin hydrolysis. Shows limited range of enzyme activities and carbon source oxidation. Positive for the following enzyme activities: alkaline phosphatase, esterase (C4) and esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for cystine arylamidase, trypsin, agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Positive for oxidation of Tween 40, Tween 80, pyruvic acid methyl ester, sebacic acid and succinic acid in the Biolog GN2 microplate. The isoprenoid quinone detected is Q-8. The major cellular fatty acids are summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 0 , C 12 : 0 3-OH and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c). 
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